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Our objectives in this study were to evaluate the state recommendations for 
nitrogen, determine the effects of nitrogen on tobacco specific nitrosamines (TSNA), 
yield and quality, determine efficient nitrogen rates and evaluate the pre sidedress nitrate 
test (PSNT) as an indicator of nitrogen needs in burley tobacco. This study had nine 
nitrogen rates, in a split plot design with four replications. Main plots consisted of pre-
plant nitrogen: 89.6, 179.2 and 268.8 kg/ha. Sub plots consisted of sidedress nitrogen: 0, 
52 and 112 kg/ha. Soil nitrate-N was determined using the PSNT, with samples taken to a 
depth of 0.15 m three weeks after transplanting. There were two locations in 2004, at 
Greeneville, TN (GR) and Glade Spring, VA (GL). Two more locations were added in 
2005 and 2006, Springfield, TN (HR) and Lexington, KY (LE) along with a tobacco after 
tobacco (TAT) rotational study at GR and HR also in 2006. 
 Nitrogen rates within the state recommendations gave yields statistically equal to 
the maximum. In several cases, yield was maximized by lower than recommended rates. 
The study showed an increase in yield with an increase in nitrogen above the lowest 
treatment. All yields, except for HR 2005, exceeded the long term, Tennessee state burley 
yield average. A positive yield response to sidedress nitrogen fertilizer was observed at 
the 89.6 kg/ha treatment, with 56 and 112 kg/ha sidedressed and the 179.2 kg/ha 
treatment with 56 kg/ha sidedressed.  There was only one instance with 268.8 kg/ha pre 
plant nitrogen where there was a positive yield response, likely due to variability within 
the study. Total TSNA content was also increased with higher nitrogen rates. TSNA 
content was lower in the dryer 2005 curing season. Although not an objective of this 
study, and not proven, it is likely that the locations of the curing structures had some 
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effect on TSNA content. PSNT values increased as nitrogen rates increased. From this 
study the PSNT does not seem to be a precise enough indicator of nitrogen needs in 
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CHAPTER I: INTRODUCTION 
Burley tobacco, like most other tobaccos, requires large amounts of nitrogen 
fertilizer to produce the high yields required by the current market structure. Tobacco is 
considered a high value crop and producers, traditionally, did not mind applying high 
rates of inputs as much as in lower value crops. Nitrogen fertilizer has been an input that 
was often applied in amounts greater than the recommended requirements to insure a 
high yielding and successful crop. With the new, post buy-out market structure and its 
lower selling prices farmers need to revaluate their production practices to stay profitable. 
Higher prices for nitrogen fertilizer have focused attention on its efficient use. Nitrogen is 
mobile in the soil, and subject to loss in periods of heavy rainfall. Most nitrogen fertilizer 
recommendations note that there may be an advantage to splitting applications into a 
preplant and a sidedress application, or to adding additional N as a sidedress in a wet 
year. Nitrogen timing therefore may be a possible area to study for improved efficiency. 
In addition, a reliable and fast method of estimating the availability of N in the soil could 
be useful in improving efficiency of N fertilization. TSNA’s in tobacco are of great 
concern to the industry today, in that nitrosamines are known carcinogens, and lowering 
them is a goal of the industry. TSNA formation is affected by many things, mostly curing 
conditions and alkaloid species and concentration, but nitrogen has a key role in their 
formation. Nitrogen fertilization can have an effect on the formation of TSNA’s in cured 
tobacco leaf. 
For these reasons we carried out this study, across three leading burley producing 




 The objectives of this study were to: 
1) Evaluate the nitrogen fertilization recommendations of leading burley 
producing states, which currently are: 
a. Tennessee 168 – 224 kg/ha (Fowlkes and Savoy, 2001) 
b. North Carolina 168 – 224 kg/ha (Hoyt and Rideout, 2006) 
c. Virginia 196 – 224 kg/ha (Peek and Reed, 2006) 
d. Kentucky 168 – 280 kg/ha (Pearce and Schwab, 2007) 
2) Determine the effects of nitrogen fertilization rate and timing on TSNA 
content, quality and yield in burley tobacco. 
3) Develop information which enables nitrogen inputs to be used more 
efficiently in burley tobacco. 
4) Evaluate the pre sidedress nitrate test (PSNT) as an indicator of nitrogen needs 












CHAPTER II: LITERATURE REVIEW 
Nitrogen Fertilization 
Burley Tobacco is grown across a wide belt in the eastern United States and 
across the globe, where it is grown under many different conditions and management 
schemes. However, there are some things that hold true wherever it is grown. Burley 
tobacco (and other tobaccos) are considered high value crops, require a lot of nitrogen 
and producers generally do not mind applying extra (insurance) nitrogen to ensure a good 
crop. Virtually all research has shown that tobacco yields increase with increased 
nitrogen fertilizer (Jones and Tramel, 1979; Aycock and Mckee, 1979; Elliot and Court, 
1978; Mckee, 1978; Link and Terrill, 1982; Sifola and Postiglione, 2003; Burns, 1986; 
Marchetti et al., 2006: and MacKown et al., 1999). Jones and Tramel (1979); and Burns 
(1986) found that quality and price were negatively affected by increased nitrogen 
fertilization in Virginia dark-fired and Maryland tobaccos respectively. Increased 
nitrogen is not usually associated with decreases of quality in burley. Link and Terrill 
(1982) found that there was no effect on quality of burley tobacco with increased nitrogen 
fertilization even though the high nitrogen rate caused problems during curing. Increasing 
nitrogen fertilization rates have a plateau effect on yields and not a linear one (MacKown 
et al., 1999; Marchetti et al., 2006; Burns, 1986; Sifola and Postiglione, 2003; Link and 
Terrill, 1982; Mckee, 1978; Elliot and Court, 1978; Aycock and Mckee, 1979; and Jones 
and Tramel, 1979), and as a result at some point producers are reaping no benefits from 
any additional nitrogen fertilizer. Link and Terrill (1982) and MacKown et al. (1999) 
found that lowering nitrogen fertilizer rates from 225 kg/ha to 170 kg/ha and 280 kg/ha to 
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168 kg/ha, respectively, did not cause a significant reduction in yield, and Burns, (1986) 
found no benefit in nitrogen fertilizer rates above 135 kg/ha. 
PSNT 
 The Magdoff pre-sidedress nitrate test (PSNT) has been used in corn to predict 
nitrogen needs and yields when corn is 15 to 30 cm tall (Magdoff, 1991) and other crops 
three to five weeks after transplanting (WAT) (MacKown et al., 1999; Heckman et al., 
2002; Krusekopt et al., 2002). This test is used when manure has been applied to the 
fields, when green manure crops are utilized in production and also to quantify other 
nitrogen sources in the field. Because nitrogen is mobile, and can be lost from the root 
zone (Brady and Weil, 2002), this test cannot accurately reflect available nitrogen if used 
before the growing season, or for fall or winter sampling dates. Nitrogen may be lost 
through leaching, volatilization, denitrification, or immobilization (Magdoff, 1991; Brady 
and Weil, 2002). Leaching is usually not a problem during the growing season unless 
large, unusual rainfalls occur (Magdoff, 1991). Ammonium (NH4+) is lost through 
volatilization as ammonia gas (NH3+) to the atmosphere (Brady and Weil, 2002). De-
nitrification is a process in which the nitrogen in the nitrate form, NO3  ֿ , (available plant 
nitrogen,) is lost to the atmosphere as N2, N2O and NO, primarily as N2 (Brady and Weil, 
2002). Immobilization is a process in which nitrate is converted to organic forms through 
the reverse process of mineralization. Most of the soil nitrogen is held in this form and 
protected from being lost, but is largely unavailable to plants (Brady and Weil, 2002). 
Mineralization is a process in which nitrogen is converted from organic form to mineral 
form through hydrolysis, following the path of  plant tissue to organic matter (OM) to 
ammonium (NH4+) to nitrite (NO2ֿ ) to nitrate (NO3  ֿ ), and then into an available form for 
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plants (Magdoff, 1991; Brady and Weil, 2002). Mineralization of nitrogen does not occur 
much during winter months when the soil is too cool for the microbial activity that drives 
mineralization to occur (Magdoff, 1991). A small portion of the nitrogen in the soil is 
mineralized annually but it is still enough to sustain natural vegetation (Brady and Weil, 
2002). Since nitrogen mineralization does not occur in the winter when the soil is cool, 
for the most part, it is mineralized in a flush or burst when the soils warm in the spring 
(Magdoff, 1991). This burst of available nitrogen is often enough for early growth of 
crops, or can allow a small portion of starter nitrogen fertilizer to be used. Nitrogen 
mineralization peaks just before the onset of rapid growth (Magdoff, 1991). The PSNT 
must be used at this time, directly before the onset of rapid growth and rapid nitrogen 
uptake, to predict nitrogen needs and allow for supply of adequate nitrogen before the 
crop is too large to apply sidedress nitrogen (Magdoff, 1991). The PSNT has been shown 
to be accurate in predicting nitrogen needs in corn in a variety of locations and soils 
(Magdoff, 1991; Meisinger et al., 1992; Evanylo and Alley, 1997; Klausner et al., 1993; 
Heckman et al., 1995; Savoy, 1998) and in a variety of other crops, including tomatoes 
(Krusekopt et al., 2002), fall cabbage (Heckman et al., 2002) and burley tobacco 
(MacKown et al., 1999; Sifola and Postiglione, 2003). The PSNT has been used to set 
critical NO3-N levels of 20-30 ppm in corn (Magdoff, 1991; Meisinger et al., 1992; 
Evanylo and Alley, 1997; Klausner et al., 1993; Heckman et al., 1995), 24 ppm in fall 
cabbage (Heckman et al., 2002), 16 ppm in processing tomatoes (Krusekopt et al., 2002), 
and 46-88 ppm in burley tobacco (MacKown et al., 1999; Sifola and Postiglione, 2003) 
when the sampling depth was thirty cm. Magdoff (1991) found the PSNT to be reliable in 
predicting nitrogen needs and yield potential of corn in Maryland. A NO3-N level of 22 
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ppm was associated with a relative corn yield of 0.95 or higher. The PSNT is usually 
taken at a soil depth of ~30 cm, but Heckman et al. (2002) found that there was a strong 
correlation with PSNT values at other depths.             
TSNA 
The use of high or excessive nitrogen fertilizer rates in burley tobacco production 
not only makes it less profitable but affects the chemical composition of the leaf. TSNA’s 
are of major concern in the tobacco industry today, in that nitrosamines are known 
carcinogens and lowering them is a goal of the industry. TSNA content of green mature 
leaf is low and increases during curing (Djordjevic et al., 1989). Plant and curing 
modifications can lower TSNA content in cured leaf but result in an unmarketable 
product (Bush et al., 2001; Chamberlain and Chortyk, 1992). Burton et al. (1989) found 
that air curing tobacco at higher temperature and relative humidity, 32 C / 83% compared 
to normal curing conditions of 24 C / 70%, dramatically increased TSNA content and 
nitrite in cured leaf. There are some things known about the distribution of TSNA’s 
within the leaf, and the plant, such as the midrib of the leaf and base are highest in 
TSNA’s (Burton et al., 1992; Chamberlain and Chortyk, 1992), and TSNA’s are higher in 
higher stalk positions (Djordjevic et al., 1989). MacKown et al. (1984) found that 
alkaloid content, composition, and conversion potential have a greater influence on 
TSNA content than does NO3-N in burley. Although TSNA’s are greatly influenced by 
curing conditions and alkaloids, nitrogen fertilization can have an effect on TSNA 
formation and content (Chamberlain and Chortyk, 1992; Chamberlain et al., 1984; 
Wiernik et al., 1995). Increased nitrogen fertilization can increase total alkaloids and total 
nitrogen in leaf (Aycock and Mckee, 1979; Elliot and Court, 1978; Mckee 1978) which 
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are large parts of TSNA formation. Wiernik et al. (1995) and Chamberlain et al. (1984) 
found that increased nitrogen fertilization increased tobacco specific nitrosamines 
(TSNA) content in the cured leaf. Wahlberg et al. (1999) found that TSNA’s are 
produced during post harvest nitrosation of alkaloids. The nitrite required for this is 
supplied by microbial dissimilatory nitrate reduction which may only take place when the 
cells have disintegrated because of moisture loss, making the contained nutrients 
accessible to invading microorganisms (Wahlberg et al., 1999). Hence, higher nitrogen 
fertilization produces higher levels of alkaloids to be converted, by nitrosation, into 
TSNA’s and more total nitrogen in the leaf to be used in microbial dissimilatory nitrate 
reduction which is the fuel driving nitrosation. Studies carried out by Bush et al. (2001) 
showed that TSNA content was lower but increasing during the first two weeks of air 
curing dark tobacco and towards the end of the yellowing phase and before the leaf 
midrib is dried, significant amounts of TSNA’s may accumulate in the midrib. This 
indicates that the main TSNA formation starts during the yellowing phase, when the cell 
contents are available for microbial dissimilatory nitrate reduction. This process ends 
when the available nitrite is exhausted or becomes unavailable due to moisture loss for 
use in the nitrosation process. The curing studies performed by Bush et al. (2001) and 
Chamberlain and Chortyk (1992) increased the rate of moisture loss in the leaf by 
adjusting air temperature and humidity and reducing the time in which the contents of the 
cell were available for microbial dissimilatory nitrate reduction. They were successful in 
reducing TSNA’s in air cured tobacco but the tobacco was unmarketable due to its 
undesired characteristics. I agree with Wahlberg et al. (1999) in that more research in this 
area involving temperature, humidity and air flow during the curing procedure is needed. 
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Although TSNA’s are mainly produced during the curing process of burley tobacco and 
are directly derived from alkaloids, nitrogen is a driving force of TSNA formation in 
tobacco. 
In summary, burley tobacco is a high value crop that requires large amounts of 
nitrogen and producers often apply more than needed. Tobacco reacts positively to 
increased nitrogen fertilization to a point and then plateaus. The PSNT has been used 
successfully in corn production, and in other crops, to predict nitrogen needs and yield. 
Nitrogen is mobile and has many fates, most of which are not plant uptake. The PSNT 
can be used after planting but just before onset of rapid growth and the period of rapid 
nitrogen uptake to predict nitrogen needs. TSNA’s in tobacco are of great concern and 
lowering them is an objective of the industry. TSNA formation is affected by many 
things, mostly curing conditions and alkaloid content and concentration, but nitrogen has 
a key role in their formation. Nitrogen fertilization can have an effect on the formation of 











CHAPTER III: MATERIALS AND METHODS 
General Description 
 Twelve studies over three years and across four locations in three states were 
conducted to evaluate the effect of rate and timing of nitrogen fertilization on burley 
tobacco (Nicotiana tabaccum spp.). Nitrogen fertilizer was applied in all possible 
combinations of three rates preplant and three rates sidedressed, giving a total of nine 
different treatments. The 2004 studies were conducted at Greeneville, Tennessee and 
Glade Spring, Virginia. 2005 and 2006 studies were conducted at these sites, and also 
Springfield, Tennessee and Lexington, Kentucky, with two studies at the Tennessee 
locations in 2006. The second study in 2006 was a tobacco after tobacco (TAT) rotational 
test, as opposed to the other test which was in a tobacco every three years rotation (ROT). 
Yield, quality index, tobacco specific nitrosamine (TSNA) data and soil nitrate-N were 
taken for all studies. 
Experimental site description at Highland Rim (HR) 
 Studies were conducted in 2005 and 2006 at the Highland Rim Research and 
Education Center (HR), near Springfield, Tennessee, in Robertson County. Robertson 
County is located in central Tennessee, in the northern portion, on the border of 
Kentucky. The physiographic region of the experiment site is in the Western Highland 
Rim, characterized by rolling terrain dissected by sharp valleys with streams (USDA, 
1968). This area has mild winters and hot summers with dry times periodically. The 
average annual precipitation is approximately 127 cm and annual average temperature is 
approximately 15.6 ˚C. Precipitation is distributed fairly evenly throughout the year, with 
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monthly averages being slightly lower in the fall and slightly higher in the winter and 
early spring (USDA-SCS, 1968). 
Experimental site description at Greeneville (GR) 
 Studies were conducted in 2004, 2005 and 2006 at the Research and Education 
Center at Greeneville (GR), which is near the city of Greeneville, Tennessee, in Greene 
County. Greene County is located in the northern part of eastern Tennessee in the Great 
Valley region of the Great Valley and Appalachian Upland physiographic region. This 
area is characterized by its parallel valleys and ridges (USDA-SCS, 1958). Greene 
County has an annual average temperature of 14.3 ˚C with an average annual 
precipitation of 127 cm and moderately long and warm summers with cool and 
moderately short winters (USDA-SCS, 1958) 
Experiment site description at Glade Spring (GL) 
 Rotational studies (ROT) were conducted in 2004, 2005 and 2006 at the 
Southwest Virginia Research and Education Center near the city of Glade Spring, 
Virginia, in Washington County. Washington County is in the southwest part of Virginia, 
bordering Tennessee, and is nearly all in the Valley and Ridge physiographic region. This 
region is characterized by well defined valleys and intervening ridges (USDA-NRCS, 
2006). Washington County has an average annual rainfall of 120.5 cm and an average 
annual temperature of 12.3 ˚C. Precipitation is fairly even through out the year with forty-
four percent falling from May through September, the growing season for warm season 




Experiment site description at Lexington (LE) 
 Studies were conducted in 2005 and 2006 at the University of Kentucky 
Spindletop (LE) farm near the city of Lexington, Kentucky in Fayette County. The 
experiment site, and most of Fayette County, is in the Inner Bluegrass physiographic 
region. This region is characterized by gently rolling to undulating terrain with many tree 
shaded pastures (USDA-SCS, 1968). The climate for Fayette County is temperate and 
humid with only short periods of temperature extremes with warm summers and cool 
winters. The average annual precipitation for Fayette County is 114 cm and is well 
distributed through the year (USDA-SCS, 1968).    
Highland Rim (HR) soil description 
 The 2005 ROT and 2006 TAT studies were grown on Dickson silt loam soils, 
which are fine-silty, siliceous, semiactive, thermic Glossic Fragiudults (USDA-NRCS, 
2007). The soil was identified from an unpublished experiment station soil map done by 
Jackson and Springer (1957). The Dickson series consists of very deep, moderately well 
drained soils that have a slowly permeable fragipan in the subsoil (USDA-NRCS, 2007). 
A fragipan is a dense layer that perches water and inhibits root penetration. These upland 
soils formed in a silty mantle 0.66 to 1.33 m thick and are underlaid by residuum 
limestone. Slopes range from nearly level to twelve percent (USDA-NRCS, 2007). The 
slope at the experimental sites was one to three percent in 2005 and one to two percent in 
2006. 
The 2006 ROT study was on an Arrington, formerly Huntington (Jackson and 
Springer, 1957), soil which is a fine-silty, mixed, super active, thermic Cumulic 
Hapludoll (USDA-NRCS, 2007). Arrington soils consist of very deep, well drained soils 
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with thick dark surface layers. They formed along drainage ways near major streams, in 
silty alluvium on flood plains and along drainage ways. Their slopes for the Arrington 
series are zero to eight percent, but dominantly under three percent (USDA-NRCS, 2007) 
and zero to one percent at the HR site. 
Greeneville (GR) soil description 
The 2004 study was primarily on Waynesboro soils (Elder and Springer, 1959), 
which are fine, kaolinitic, thermic Typic Paleudults (USDA-NRCS, 2007), with a smaller 
area of Dewey soils (Elder and Springer, 1959), which are also fine, kaolinitic, thermic 
Typic Paleudults (USDA-NRCS, 2007). The Waynesboro series consists of very deep, 
well drained, moderately permeable soils, which form in old alluvium or unconsolidated 
material of sandstone, shale and limestone, with slopes ranging from two to thirty percent 
(USDA-NRCS, 2007). The Dewey series consists of very deep, well drained, moderately 
permeable soils on uplands with slopes ranging from two to forty percent; the slopes at 
the 2004 site were three to six percent. These soils formed in residuum of limestone or in 
0.33 to 0.66 m of old alluvium with an underlying residuum of limestone (USDA-NRCS, 
2007). 
 The 2005 and both 2006 studies at GR were both on Etowah soils (Elder and 
Springer, 1959), which are fine-loamy, siliceous, semiactive, thermic Typic Paleudults 
(USDA-NRCS, 2007). The Etowah series consists of very deep, well drained, moderately 
permeable soils on high stream terraces, alluvium fans and foot slopes with slopes 
ranging from zero to thirty-five percent; the slopes at the 2005 and 2006 sites were one to 
two percent. Etowah soils formed in alluvium or colluvium that is commonly underlain 
by limestone residuum below one meter. 
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Glade Spring (GL) soil description 
 The 2004, 2005 and 2006 studies at GL were all on Frederick soils, which are 
fine, mixed, semiactive, mesic Typic Paleudults (USDA-NRCS, 2007). The Frederick 
soil series consists of very deep, well drained soils formed in residuum, which was 
mainly from dolomitic limestone with inter beds of sandstone, siltstone and shale. These 
soils occur on nearly level to very steep, zero to sixty percent slopes. Slopes at the site 
were one to three percent. These upland soils are moderately permeable (USDA-NRCS, 
2007).   
Lexington (LE) soil description 
 The 2005 and 2006 studies at LE were on Maury silt loam soils which are fine, 
mixed, semiactive, mesic Typic Paleudalfs (USDA-NRCS, 2007). The upland Maury 
series consists of deep, well drained, moderately permeable soils formed in silty material 
and weathered limestone or old alluvium and having slopes ranging from zero to twenty 
percent (USDA-NRCS, 2007). The soils at the experimental site were two to five percent. 
Experimental Procedure 
 All studies in all years were of split plot design, with four replications. The main 
plots were the pre-plant nitrogen treatment, which could be from any source and arranged 
in a randomized complete block design. The sub-plots were the sidedress nitrogen 
treatment, which was ammonium nitrate except at GL in 2004, where calcium nitrate was 
used. There were three main treatments of 89.6, 179.2 and 268.8 kg/ha nitrogen. Within 
each preplant treatment there were three sidedress nitrogen treatments, which made up 
the subplots, of zero, 56 and 112 kg/ha nitrogen, applied three to four weeks after 
transplanting, resulting in nine total treatments. Table 3.1 summarizes the treatments. 
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Plots were four rows wide, of standard row width (1041 – 1118 mm) and plant spacing 
(533 – 585 mm), and 19.2 m long. Plant population ranged from 16,075 to 17,784 plants 
per hectare. Transplant and harvest dates are summarized in table 3.2 and 3.3. All 
production practices were standard except for nitrogen fertilization. LC (Jack et al. 2006) 
seed was used in all studies, which is a common practice in all tobacco production, where 
the plants used in seed production are screened for removal of high alkaloid converters 
prior to seed formation to reduce TSNA content and variation. The burley variety 
TN90LC was used at all sites and years, except for the TAT study at HR in 2006 and the 
LE sites in both years, where burley variety KT204LC was used. At maturity plants were 
harvested from the middle two rows of each plot and air cured in conventional three or 
four tier barns. The tobacco leaves were stripped from the stalk into four stalk positions 
(standard practice), and graded into standard USDA grade (USDA-AMS, 1986) which 
was converted to a grade index (Bowman et al., 1989) for statistical analysis. Yield was 
reported as air dried leaf yield in pounds per acre, then converted to kilograms per 
hectare. Twenty-five to thirty leaves were collected for TSNA analysis from the leaf (B 
grade) position on each plot. TSNA analysis followed the procedure described by 















1 89.6 0 
2 89.6 56 
3 89.6 112 
4 179.2 0 
5 179.2 56 
6 179.2 112 
7 268.8 0 
8 268.8 56 
9 268.8 112 
 
 
Table: 3.2 Transplant dates 
Year HR GR GL LE 
2004  6-4 6-18  
2005 5-11 6-3 5-31 6-2 
2006 5-24 5-31 5-25 5-24 
2006 
TAT 




Table: 3.3 Harvest dates 
Year HR GR GL LE 
2004  8-31 9-20  
2005 8-22 8-29 9-1 8-31 
2006 9-13 8-29 8-21 8-21 
2006 
TAT 
9-13 9-7   
 
Rotational Practices 
 General rotational practices were the same for all locations except HR. The 
general rotation practices for GR, LE and GD were one year of tobacco followed by two 
years of grass sod. HR rotational practices were one year of tobacco followed by two 
years of wheat, soybeans and corn. Two tobacco after tobacco (TAT) studies were 
performed in 2006 at HR and GR, to see if response was different due to any additional 
nitrogen effect from the previous sod crop in the ROT studies.  
Soil Sampling and Analysis 
Soil samples were randomly taken from the center two row of each plot. Six to 
eight soil cores, 0-0.15 m in depth and 1.9 cm in diameter, were collected by project 
personnel, three weeks after transplanting. These cores were mixed together, placed in 
plastic bags for transport to lab, and transferred to paper bags, with tops open, for air 
drying. After the samples were dried they were mixed and ground with a hand mortar and 
pestle, passed through a 2 mm sieve, stored at room temperature and taken to the 
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University of Tennessee Soil Testing Laboratory in Nashville Tennessee. Soil nitrate 
nitrogen measurements were taken from the samples using the procedure described by 
Johnson IN Donohue (1992).   
Statistical Analysis 
Statistical analysis was performed using Statistical Analysis Software 9.1 (SAS) 
for yield, TSNA, PSNT soil nitrate level and grade index. Means were compared with 
Duncan’s multiple range tests. Because of the applied nature of this study a probability 
level of P < 0.10 was chosen. A probability of 90 percent was considered to be most 
realistic for real differences between treatment means. Statistical analysis for yield, 
TSNA and grade index was performed on each individual study as a randomized 
complete block and for the combined analysis, also as a randomized complete block, with 
experiment included as a variable. Each individual study per year and location was 
considered to be a separate experiment or environment. Because weather conditions and 
soil varied by year at each location, this was considered to be a better approach then 
trying to identify location and year effects. A quadratic model and a linear response and 
plateau model were used to evaluate the relationship between PSNT and relative yield 
values in an attempt to identify a critical value or range for predicting response to sidress 
nitrogen fertilizer. The models were fitted using the GLM procedure in SAS. The PSNT 
values used were those before the sidedress treatment was made and preplant nitrogen 
rates were averaged together. Relative yield was calculated by dividing the yield averages 
from each of the three non-sidedress treatments by the yield of the highest yielding 
treatment average in that study.         
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CHAPTER IV: RESULTS AND DISCUSSION 
Tobacco Specific Nitrosamines (TSNA)  
GL TSNA 
 Data from both the 2004 and the 2005 studies at GL show significantly higher 
TSNA content in the leaf midrib and leaf lamina with higher nitrogen fertilizer rates, 
(Tables 4.1 and 4.2). This was also observed by Wiernik et al., (1995). The 2004 and 
2005 lamina and midrib TSNA content at GL were the highest of all the studies. While 
this cannot be proven this is thought to be due to curing conditions The curing barn at GL 
is shielded from prevailing winds by hills, which decrease the air flow to, around and in 
the curing barn; giving the potential for an increased relative humidity within the curing 
structure. It has been noted that curing conditions have a great affect on TSNA formation 
(Bush et al., 2001; Wahlberg et al. (1999); Djordjevic et al. (1989); Chamberlain and 
Chortyk, 1992; and Burton et al. 1992).Rainfall during the 2004 curing season at GL was 
higher than normal, (Table A-1 to A-4 appendix I), especially during September when 
most of the yellowing phase of the curing process was taking place. Wahlberg et al., 
(1999) found that a great majority if not virtually all TSNA’s are produced during the 
yellowing phase of the curing process. Burton et al. (1989) found that higher temperature 
and relative humidity dramatically increased TSNA content in tobacco. With most of the 
TSNA’s being produced during the yellowing phase and damp curing conditions in 2004 
during the yellowing phase of curing resulted in the highest lamina and midrib TSNA 
content of any of the studies. Chamberlain and Chortyk (1992) and Burton et al. (1992) 
found higher TSNA content in the midrib of the leaf than in the lamina of the leaf, as also 
was found in all of our TSNA data sets. The opposite rainfall situation happened at GL  
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Table 4.1 GL 2004 TSNA 
 
 
Table 4.2 GL 2005 TSNA 
 Midrib Lamina 
 Pre-Plant N (kg/ha) Pre-Plant N (kg/ha) 
Sidedress N 89.6 179.2 268.8 89.6 179.2 268.8 
(Kg/ha) --------------- (ppm) --------------- --------------- (ppm) --------------- 
0 6.14 f 9.66 ef 15.00 cde 1.96 d 2.67 cd 4.50 abc 
56 18.13 bcd 29.86 a 25.91 ab 3.91 bc 8.99 a 6.32 a 











 Midrib Lamina 
 Pre-Plant N (kg/ha) Pre-Plant N (kg/ha) 
Sidedress N 89.6 179.2 268.8 89.6 179.2 268.8 
(Kg/ha) --------------- (ppm)--------------- --------------- (ppm)--------------- 
0 2.54 b 2.55 b 7.11 b 0.90 b 0.52 b 1.45 b 
56 7.88 b 9.39 b 19.66 ab 1.51 b 1.28 b 3.99 ab 
112 5.19 b 4.22 b 34.64 a 1.56 b 2.41 b 9.63 a 
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during the 2005 curing season, with an over three and a half inch rainfall deficit for 
September and October combined. Although the curing season was rather dry for 2005, 
the lamina and midrib TSNA content (Table 4.2) was still high, and only second to the 
GL 2004 study among all of our studies. With high lamina and midrib TSNA content in 
both a damp and dry curing seasons; one must conclude that a key factor at this location 
is the microclimate at this curing barn caused by the surrounding hills and the low 
position of the curing barn on the landscape that shield it from air flow. 
LE TSNA 
 Data from LE (Table 4.3) shows lower TSNA content than that of GL in 2004 and 
roughly equivalent or slightly lower than that of 2005 GL. There were no statistical 
differences between the treatments at LE in the leaf lamina, although numerically they 
ranged from 3.32 to 5.00 parts per million (ppm). The leaf midrib, however, did show 
some differences; treatment number 8 was the highest at 20.10 ppm and statistically 
different from some lower nitrogen fertilizer treatments which ranged from nine to nearly 
sixteen ppm. Variability was high in this data, as indicated by the non significant F value 
(probability > F = 0.48, appendix I Table A-44) for treatment in the overall ANOVA. 
Again as referenced previously the midrib contains more TSNA’s than the lamina.   
 
Table 4.3 LE 2005 TSNA 
 Midrib Lamina 
 Pre-Plant N (kg/ha) Pre-Plant N (kg/ha) 
Sidedress N 89.6 179.2 268.8 89.6 179.2 268.8 
(Kg/ha) --------------- (ppm) --------------- --------------- (ppm) --------------- 
0 9.13 b 13.39 ab 15.35 ab 3.32 a 4.34 a 3.91 a 
56 13.13 ab 10.47 b 20.10 a 4.04 a 3.69 a 4.60 a 
112 12.76 ab 13.80 ab 15.86 ab 4.52 a 3.75 a 5.00 a 
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HR TSNA 
 Data from HR (Table 4.4) shows lower TSNA content in both the leaf midrib and 
lamina than that of either GL or LE. The TSNA content increased with increased nitrogen 
fertilizer almost perfectly in leaf lamina, but showed rather mixed results in the midrib. 
TSNA content was also higher in the leaf midrib than the leaf lamina, as with the other 
locations. Leaf lamina TSNA content was significantly different from the highest level in 
treatments 1,2,3,4 and 6, which are in general the lowest nitrogen treatments. TSNA 
content generally increased with nitrogen fertilizer increase in the midrib as well, but less 
consistently than in the lamina. Weather conditions, specifically rainfall, may be one 
reason for the lower TSNA’s at HR, which ranged from 2.04 to 15.09 ppm in the midrib 
and 1.18 to 4.29 ppm in the lamina. This corresponds with research done by Bush et al. 
(2001); Wahlberg et al. (1999); Djordjevic et al. (1989); Chamberlain and Chortyk 
(1992); and Burton et al. (1989) in which curing conditions had an effect on TSNA 
content in tobacco. The rainfall deficit for HR during September and October in 2005 
was nearly six inches, and total precipitation for the two months was only one inch (Table 
A-1 to A-4, appendix I). Temperatures were higher than normal, but combined with dry 
conditions this probably enhanced rapid drying and helped limit TSNA formation. 
 
Table 4.4 HR 2005 TSNA 
 Midrib Lamina 
 Pre-Plant N (kg/ha) Pre-Plant N (kg/ha) 
Sidedress N 89.6 179.2 268.8 89.6 179.2 268.8 
(Kg/ha) --------------- (ppm) --------------- --------------- (ppm) --------------- 
0 2.04 b 2.25 b 10.99 ab 1.18 d 1.94 bcd 3.86 ab 
56 4.72 ab 11.40 ab 11.15 ab 1.36 d 3.42 abc 4.29 a 
112 2.13 b 2.37 b 15.09 a 1.50 cd 2.14 bcd 3.65 ab 
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GR TSNA 
 When data from GR (Table 4.5 and 4.6) is compared to the other locations, it 
shows that TSNA content is lower than the other sites. The leaf lamina TSNA content is 
below two ppm in both years and leaf midrib content is below five and a quarter ppm in 
2005. Midrib content was not determined in 2004 at this site. Table 4.7, from the 
combined analysis of all locations, shows that the leaf lamina TSNA content at GR for 
both years is statistically different from all other studies and that leaf midrib TSNA 
content at GR for 2004 is statistically different from the highest locations. The main 
suspected reason for these differences is the location on the landscape of the curing barn. 
This curing barn is situated on a hill top, with virtually no trees or other structures to 
obstruct airflow to and around the structure. This increased airflow would keep the curing 
conditions rather dry, which corresponds with work done by  Bush et al.; Wahlberg et al. 
(1999); Djordjevic et al. (1989); Chamberlain and Chortyk, 1992; and Burton et al. 
(1989). At the GR site the same trends are noticed as with most other sites; as nitrogen 
fertilizer is increased TSNA content also increases, with the exception of treatment eight 
which is lower than would be predicted given the amount of nitrogen applied. The trend 








Table 4.5 GR 2004 TSNA 
 Lamina 
 Pre-Plant N (kg/ha) 
Sidedress N 89.6 179.2 268.8 
(Kg/ha) --------------- (ppm) --------------- 
0 0.37 b 0.44 b 1.33 a 
56 0.53 b 0.55 b 0.83 ab 
112 0.91 ab 1.14 a 1.27 a 
*GR 2004 midrib data not available 
 
Table 4.6 GR 2005 TSNA 
 
 
Table 4.7 TSNA location averages 
 Location Averages 
Site/Year Lamina Midrib 
GL 2004 2.58 b 10.35 bc 
GL 2005 4.55 a 17.43 a 
HR 2005 2.59 b 6.90 cd 
LE 2005 4.13 a 13.78 ab 
GR 2004 0.82 c NA 




  Midrib   Lamina  
 Pre-Plant N (kg/ha) Pre-Plant N (kg/ha) 
Sidedress 
N 89.6 179.2 268.8 89.6 179.2 268.8 
(Kg/ha) ---------------(ppm)--------------- --------------- (ppm)--------------- 
0 2.03 c 3.88 ab 5.00 a 0.82 e 1.19 d 1.55 b 
56 4.09 ab 4.79 ab 3.01 bc 1.21 d 1.64 b 1.36 c 
112 4.23 ab 5.21 a 5.09 a 1.54 b 1.77 a 1.83 a 
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All locations combined TSNA 
When all data from the four locations and two years were combined (table 4.8) 
the same trends seen in the individual locations presented themselves. The TSNA content 
in leaf lamina and midrib increased as nitrogen fertilizer was increased as earlier studies 
indicated (Chamberlain and Chortyk, 1992; Chamberlain et al., 1984 and Weirnik et al., 
1995). The TSNA content in the leaf lamina by nitrogen rate for all studies ranges from 
1.43 to 4.48 ppm and follows the increase in nitrogen fertilizer quite closely. Treatments 
eight and nine are significantly higher than treatments one, two and four, which are the 
lowest nitrogen fertilizer rates. All other treatments fall into an intermediate group which 
are not significantly different from the lowest nitrogen rates, but are significantly lower in 
TSNA content than the highest nitrogen rates. Average leaf midrib TSNA content, for all 
studies, range from 4.37 to 18.41 ppm, with treatments five, eight and nine being 
statistically higher than most of the others. The leaf midrib TSNA content generally 
increased with nitrogen fertilizer, but not as constantly as leaf lamina. TSNA content was 
not significantly increased above the lowest nitrogen fertilizer rate until the nitrogen 
applied exceeded 300 kg/ha, treatments eight and nine, in both the leaf lamina and 
midrib. The trend that TSNA content is higher in the leaf midrib than the leaf lamina also 
holds true for the combined analysis and is also supported by earlier work (Burton et al., 
1992; Chamberlain and Chortyl, 1992). This study did not directly examine curing 
conditions as an effect on TSNA content in tobacco, but as table 4.7, indicates there 
seemed to be an effect of landscape location of the curing structure on TSNA content in 
tobacco. When location on the landscape is examined and two different locations are 
compared, GR where the curing barn is atop a hill with no wind restriction and GL where 
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Table 4.8 TSNA combined analysis 
  Midrib   Lamina  
 Pre-Plant N (kg/ha) Pre-Plant N (kg/ha) 
Sidedress 
N 89.6 179.2 268.8 89.6 179.2 268.8 
(Kg/ha) ---------------(ppm)--------------- ---------------(ppm)--------------- 
0 4.37 e 6.34 de 10.69 bcd 1.43 c 1.85 c 2.77 bc 
56 9.59 cde 13.18 abc 15.96 ab 2.09 c 2.76 bc 3.56 ab 
112 7.29 de 8.85 cde 18.41 a 2.55 bc 2.67 bc 4.48 a 
 
 
 the curing barn is located between hills and wind and air flow is restricted, we can see 
that the GR location has lower TSNA’s. This work supports earlier studies (Bush et al., 
2001; Wahlberg et al., 1999; Djordjevic et al., 1989; Chamberlain and Chortyk, 1992; 
Burton et al., 1989) that show altering curing conditions by lowering humidity, lowers 
TSNA content and that curing conditions have a great effect on TSNA content in 
tobacco.  
Wahlberg et al. (1999) showed that TSNA’s are produced during the post-harvest 
curing procedures by nitrosation of the secondary tobacco alkaloids, nornicotine, 
anabasine and anatabine, and possibly the tertiary alkaloid nicotine. This process requires 
nitrite, which is produced by dissimilatory nitrate reduction. The nutrients only become 
available to invading microorganisms when the cells have disintegrated due to moisture 
loss; this is during to the yellowing phase of curing (Wahlberg et al., 1999). Bush et al., 
(2001) found that in stalk cut tobacco TSNA accumulation had an explosion in the 
second week of curing, which corresponded with the yellowing phase of curing. This 
flush of TSNA’s was due to the release of nitrite. Aycock and McKee (1979), and McKee 
(1978) both found that total plant nitrogen increased when nitrogen fertilizer was 
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increased. The increase in TSNA content shown in this work, and others (Chamberlain 
and Chortyk, 1992; Chamberlain et al., 1984 and Weirnik et al.) is tied to an increase in 
nitrogen fertilizer. Higher nitrogen fertilizer produces higher total plant nitrogen that 
results in more nitrite available for dissimilatory nitrate reduction, fueling nitrosation of 
tobacco secondary alkaloids and the increased production of TSNA’s. Bush et al. (2001) 
also found that after the third week of curing, the end of yellowing phase, TSNA 
production and content in tobacco decreased. He related this to the end of dissimilatory 
nitrite reduction due to the microbial food source either being exhausted or becoming 
unavailable when moisture content fell to that of the browning phase of curing. What we 
have seen at GR seems to support the later; a curing structure with unobstructed air flow 
causing a quicker cure will result in lower TSNA content in tobacco. Also supporting the 
later was what we have seen at GL, where air flow is restricted due to curing barn 
position on the landscape, and curing time is lengthened producing higher TSNA content 
in tobacco.                 
Grade Index 
 The grade index is a measure of leaf quality for burley tobacco that is independent 
of market price and takes into account leaf group, color and quality (Bowman et al., 
1989). Data from each individual study (Table 4.10), and all studies combined (Table 
4.9), shows that there was little difference in quality due to nitrogen fertilizer rate which 
supports earlier work by Aycock and McKee (1979); McKee (1978); and Link and Terrill 
(1982). What we can see from this data is that in all cases except GR 2005, nitrogen 
fertilizer rates at or above 179.2 kg/ha will achieve the highest quality. GL 2004 and HR 
2003 ROT saw no effect on quality with increased nitrogen fertilizer, at all. GR 2004 and 
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HR 2005 achieved the highest quality with all treatments except the lowest treatment, 
89.6 kg/ha, as did the combined analysis (Table 4.9). Both GR studies in 2006 and the 
HR 2006 TAT study showed a decrease in quality at treatment two and below. The data 
from GR 2005 shows rather mixed results compared to all other data, with increases in 
quality with two of the lower nitrogen fertilizer treatments, one and four. It should be 
noted that all treatments except treatment three and eight are statistically not different 
which supports the other data in that there is little difference in quality due to nitrogen 
fertilizer treatments.  
 
Table 4.9 Grade Index combined analysis 
 Pre-Plant N (kg/ha) 
Sidedress 
N 89.6 179.2 268.8 
(Kg/ha) ----------Grade Index---------- 
0 56.36 b 61.02 ab 61.18 ab 
56 60.47 ab 63.96 a 61.36 ab 























  Pre-Plant (kg/ha)  Pre-Plant (kg/ha) 
Location Sidedress 89.6 179.2 268.8 Location 89.6 179.2 268.8 
 (Kg/ha) ----------Grade Index----------  ----------Grade Index---------- 
GR 
2004 0 62.22 b 66.42 ab 67.05 ab 
VA 
2004 52.50 a 54.50 a 55.00 a 
 56 64.80 ab 65.77 ab 67.82 a  58.25 a 51.5 a 47.00 a 
 112 65.05 ab 66.32 ab 65.75 a  53.33 a 50.00 a 58.75 a 
         
GR 
2005 0 65.23 ab 65.63 ab 59.37 bc 
HR 
2005 54.25 b 56.00 ab 57.25 ab 
 56 64.27 bc 61.48 bc 52.87 c  56.00 ab 58.50 a 55.50 ab 
 112 75.75 a 60.92 bc 63.83 bc  56.75 ab 56.50 ab 58.50 a 
         
GR 
2006 0 28.16 d 33.87 cd 45.39 abc 
GR 
2006 48.14 c 69.44 ab 61.86 ab 
ROT 56 38.66 bcd 58.73 a 53.31 ab TAT 60.65 b 71.79 ab 74.68 a 
 112 49.53 abc 52.36 ab 44.68 abc  72.36 ab 68.42 ab 70.98 ab 
         
HR 
2006 0 77.57 a 79.35 a 76.80 a 
HR 
2006 62.90 b 63.35 ab 66.77 a 
ROT 56 78.85 a 78.92 a 75.67 a TAT 62.07 b 64.65 ab 63.87 ab 




 The data presented in table 4.11 show the yield results from GR and GL in 2004. 
When interpreting yield response we compared each treatment yield to the highest 
yielding treatment of the individual study or, in the case of the combined analysis, with 
the highest yielding treatment with in that data set. Any treatment with a yield 
significantly less than that of the highest yielding treatment was interpreted to be a non 
optimum nitrogen fertilizer rate. When examining this data set we can see that as nitrogen 
fertilizer is increased there is positive yield response. This is supported by works of 
Aycock and McKee (1979); Elliot and Court (1978); McKee (1978); Link and Terrill 
(1982); Sifola and Postiglione (2003); Burns (1986); Marchetti (2006); and MacKown et 
al. (1999). Something that was surprising was that with only 89.6 kg/ha we were able to 
achieve yields above Tennessee’s forty one year average yield of 2,197 kg/ha and yield 
averages of leading burley producing states (USDA, 2006). There was a response in these 
two experiments to sidedress nitrogen fertilizer in all pre plant treatments except the 
268.8 kg/ha preplant rate. The 89.6 kg/ha pre plant treatment required sidedress nitrogen 
to equal the highest yielding treatment, indicating that 89.6 kg/ha will not meet the 
nitrogen needs to achieve top yields of burley tobacco. The 179.2 kg/ha pre plant 
treatment saw only a response to 56 kg only, indicating that additional sidedress nitrogen 
above 56 kg/ha is not needed to achieve top yields. With the 268.8 kg/ha pre plant 
nitrogen treatment we saw no significant increase in yield, which indicates there in no 
need for the addition of supplemental sidedress nitrogen fertilizer to reach top yields. 
Something that should be noticed in 2004 is the early season rainfall (Table 1 appendix 1)  
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Table 4.11 2004 Yield 
  Pre-Plant N (kg/ha) 
Location Sidedress N 89.6 179.2 268.8 
 (kg/ha) ---------------(kg/ha)--------------- 
GR 0 2445.0 bc 2298.6 c 2774.6 a 
 56 2589.4 ab 2615.5 ab 2878.2 a 
 112 2688.0 ab 2883.0 ab 2671.0 ab 
     
GL 0 2360.7 cd 2258.5 d 2541.0 abc 
 56 2432.0 bcd 2492.4 abc 2512.0 abc 
 112 2507.6 abc 2614.3 ab 2645.8 a 
 
 
which was above normal at both locations. This above normal rainfall would increase the 
possibilities of loss of nitrogen through leaching and, more probable with these finer 
soils, de-nitrification, which may be why a positive yield response was observed with the 
179.2 kg/ha pre plant treatment.    
2005 Yield 
 The data presented in Table 4.12 reports yield results for all sites in 2005. The 
data sets for yield in 2005 show much of the same general trends as in 2004. There is an 
increase in yield as nitrogen fertilizer rates are increased, as in 2004 and earlier works 
mentioned previously. The 89.6 kg/ha pre plant treatment shows a positive yield response 
to sidedress nitrogen in all cases except GR 2005. GR 2005 shows almost no significant 
response to nitrogen fertilizer. In the ANOVA, the significance level of the nitrogen 
treatment effect was very low (probability F = 0.63, Table A-7 appendix I). Using 
Duncan’s multiple range test, treatment four, 179.2 kg/ha with 0 sidedress nitrogen, is 
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lower than any other treatment, and shows response to 56 kg/ha sidedress nitrogen 
application. However, the yield from the lowest nitrogen treatment is not significantly 
different from the highest yield. GR 2005 is the only site in 2005 at which there was any 
positive yield response to sidedress nitrogen was observed at the 179.2 kg/ha nitrogen 
preplant treatment. Given the low F value for overall treatments we believe the result is 
due to variability in the data unrelated to nitrogen fertilization, and not a real effect. 
Rainfall in 2005 was well below normal at HR and LE throughout the growing season. 
GR during June and GL in May of 2005 were also well below normal (Table A-1 to A-4 
appendix I). During dry conditions, as in 2005, there will be little nitrogen lost from the 
soil (Magdoff, 1991). This is a likely reason for seeing less yield response to nitrogen  
Table 4.12 2005 Yield 
  Pre-Plant N (kg/ha) 
Location Sidedress N 89.6 179.2 268.8 
 (kg/ha) ---------------(kg/ha)--------------- 
LE 0 3405.9 c 3651.2 abc 3875.2 a 
 56 3567.2 bc 3777.8 ab 3665.0 abc 
 112 3665.2 abc 3713.4 ab 3646.2 abc 
     
HR 0 1954.7 b 2246.5 ab 2408.6 a 
 56 2108.2 ab 2363.5 a 2286.8 a 
 112 2243.4 ab 2106.2 ab 2251.8 ab 
     
GL 0 2856.0 b 3082.2 a 3125.6 a 
 56 3106.9 a 3143.0 a 3135.4 a 
 112 3122.0 a 3205.7 a 3253.3 a 
     
GR 0 3338.2 ab 3288.9 b 3466.4 ab 
 56 3347.5 ab 3365.9 ab 3615.7 a 




fertilizer in 2005. When we look at the yields from LE 2005 we can see that the yields are 
very high, with very little rain. The study at LE 2005 was drip irrigated throughout the 
season, and this in combination with many sunny days and a good yield potential at this 
site resulted in exceptional yields. In this high yield environment with little nitrogen loss, 
yields were increased by sidedressing at the lowest pre plant nitrogen rate, with response 
up to 112 kg/ha sidedressed. There was no response to sidedressing at the higher pre plant 
nitrogen rates. When we look at the HR 2005 yields they are less than any other site or 
year. HR in 2005 received very little rain in May, June and July, as LE did, and only one 
0.75 inch irrigation, but the rains that it did receive were heavy. An early season rainfall 
damaged some of the tobacco in the test, but it appeared to recover. In August 6.24 
inches of rain fell within four days. The combination of drought and flooding conditions 
in 2005 at HR resulted in rather low yields and the only yields in the study below the 
Tennessee state burley average. It was also surprising again that at all sites, except the 
fore mentioned HR site, even the lowest nitrogen rates yielded above Tennessee’s long 
term yield average. 
2006 ROT Yield 
 The data set in Table 4.13 shows the yield results from the GR and HR ROT 
studies and the LE and GL studies in 2006. We can see that once again in 2006 yields 
show a positive response to increased nitrogen fertilization, except with GL 2006, 
supporting earlier work. Again, all yields were above long term state averages of 
Tennessee (USDA, 2006) and other major burley producing states. Another recurring 
trend was a response to 56 kg/ha of sidedress nitrogen fertilizer at the 89.6 kg/ha pre 
plant nitrogen fertilizer treatment. The GR 2006 ROT study also showed a positive yield  
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  Pre-Plant (kg/ha) 
Location Sidedress 89.6 179.2 268.8 
 (kg/ha) ----------------(kg/ha)--------------- 
GR 0 2283.1 c 2930.9 ab 3006.9 ab 
 56 2643.9 bc 3372.9 a 3072.4 ab 
 112 2958.4 ab 3089.5 ab 3067.7 ab 
   
HR 0 2600.4 b 2915.7 ab 2868.7 ab 
 56 3010.0 a 3028.3 a 2823.3 ab 
 112 2881.2 ab 2843.7 ab 2742.1 ab 
     
LE 0 2264.4 b 2494.4 ab 2593.5 a 
 56 2470.4 ab 2456.3 ab 2484.0 ab 
 112 2699.6 a 2545.8 a 2447.0 ab 
   
GL 0 3033.6 abc 2974.7 bc 2943.3 c 
 56 3183.8 abc 3231.3 ab 3182.9 abc 
 112 3257.9 a 3033.6 abc 3136.3 abc 
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response to 112 kg/ha nitrogen at the 89.6 kg/ha pre plant fertilizer treatment. This data 
shows once again 89.6 kg/ha of nitrogen is not sufficient for achieving top yields alone 
except at GL which showed no response to sidedress nitrogen fertilizer at 89.6 kg/ha but 
did at both 179.2 and 268.8 kg/ha at 56 kg/ha sidedress nitrogen fertilizer. This study also 
seems to be rather unusual when compared to all the other studies. Here we see the only 
instance in which a response was observed to sidedress nitrogen at 268.8 kg/ha pre plant 
nitrogen, but a positive yield response was not observed with increased pre plant nitrogen 
fertilizer. The overall F value for nitrogen treatment in the ANOVA was not significant 
(probability > F = 0.29; Table A-20 appendix I) so it is likely that this result is due to 
variability and not to nitrogen fertilization. The rainfall in 2006 (Table A-1 to A-4 
appendix I) was close to normal for GR and slightly below normal at HR, GL and LE, 
again reducing the chances for nitrogen to be lost from the soil and the chances for a 
response to high rates of nitrogen.  
2006 TAT Yield 
 The data in Table 4.14 presents yields from 2006 at GR and HR in the TAT study. 
The reasoning for this tobacco after tobacco study was the surprising yields form the first 
two years of the study. All of the studies had yields, except for the HR 2005 study that 
had terrible weather conditions, above the long term, forty one year, Tennessee state yield 
for burley tobacco (USDA, 2006), and other leading burley production states, even for 
the lowest nitrogen fertilizer rates. We theorized that there could be some significant 
portion of the nitrogen used by the tobacco that was mineralized from the previous sod 
crop. To look at that effect of the possible mineralized nitrogen from the previous crop, 
we set up the TAT study. Contradictory to what we expected, top yields at both TAT 
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studies were higher than the standard ROT studies, at the same locations for this one 
year. GR saw higher yields in all the treatments in the TAT study except for treatment 
five. HR saw higher yields for the TAT study in all treatments except one and four. It 
should be noted that these yields cannot be statistically compared because they were 
separate experiments. Other than the unexpected higher yields, the other trends in the 
TAT studies at HR were the same. The 89.6 kg/ha saw a positive yield response, at both 
locations, with 56 kg/ha sidedress nitrogen and with 112 kg/ha. HR also saw a yield 
response to 56 kg/ha sidedress nitrogen at the 179.2 kg/ha pre plant treatment. Some of 
this effect could possibly be related to the fact that the first nitrogen application was 
delayed approximately twelve days after transplanting instead of just prior to 
transplanting. There was a general increase in yield as nitrogen was increased, as was in 
the other studies and fore mentioned works. In terms of optimum rates, the results were 
not distinctly different from the ROT studies. However, the total yield response, from the 
lowest to the highest nitrogen rates, was 720 kg/ha at GR and 630 kg/ha at HR. Of the ten 
ROT studies, only one, GR 2006, showed a yield response of this magnitude. The TAT  
 
Table 4.14 2006 TAT Yield 
   Pre-Plant (kg/ha) 
Location Sidedress 89.6 179.2 268.8 
 (kg/ha) ---------------(kg/ha)--------------- 
GR 0 2727.2 d 3094.9 abc 3097.3 abc 
 56 2915.0 cd 3047.3 bc 3265.1 ab 
 112 3170.8 abc 3234.3 abc 3408.4 a 
     
HR 0 2491.4 c 2709.6 bc 2901.1 ab 
 56 2657.8 bc 2929.1 ab 2895.0 ab 
 112 2957.4 ab 3129.6 a 3009.4 ab 
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study will be repeated for at least one more year to obtain more information on rotational 
effects on nitrogen fertilization in burley tobacco.     
All Yields 
Table 4.15 presents mean yields by nitrogen rate from a combined analysis of all 
studies from all locations and all years. The same trends present themselves in the 
combined analysis as in the individual studies. There is a positive yield response to 
increased nitrogen fertilization, as with the individual studies and the fore mentioned 
works. There is also a positive response to 56 and 112 kg/ha sidedress nitrogen 
fertilization with the 89.6 kg/ha pre plant treatment. This indicates 89.6 kg/ha pre plant 
nitrogen is not sufficient to produce top yields but, a split treatment of 89.6 kg/ha and 112 
kg/ha sidedressed was sufficient to produce yields equal to the highest in the study. The 
combined analysis also shows that there is a positive yield response to 56 kg/ha sidedress 
nitrogen with 179.2 kg/ha pre plant nitrogen, even though only five of the twelve studies 
showed any difference. If we examine the five that were significant, two are from 2004 in 
which there was above normal rainfall that probably caused some nitrogen to be lost. GR 
2005 and GL 2006 showed a significant response by Duncan’s multiple range, but 
according to the F value, the overall treatment effects were not significant and as 
discussed previously, these are rather unusual data sets when compared to the others and 
it is thought that this may be explained by variability within the study itself. HR 2006 
TAT showed a significant response, but it is thought that the delay of the initial nitrogen 
treatment may have caused this. When considering these factors it seems that 179.2 kg/ha 
of nitrogen is probably sufficient for top yields in years with normal or below normal 
rainfall. In years where there is excessive rainfall in the early season, the 179.2 kg/ha of      
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Table 4.15 All Yields 
 Pre-Plant N (kg/ha) 
Sidedress 
N 89.6 179.2 268.8 
(Kg/ha) ---------------(kg/ha)--------------- 
0 2646.7 c 2828.8 b 2966.8 a 
56 2836.0 b 2985.5 a 2984.6 a 
112 2971.9 a 2971.3 a 2976.9 a 
 
 
nitrogen treatment will probably require 56 kg/ha of sidedress nitrogen to achieve top 
yields. The 268.8 kg/ha pre plant treatment showed no response to sidedress nitrogen 
treatment. With thorough analysis of the data we have arrived at three nitrogen fertilizer 
recommendations for burley tobacco. These are 1) Apply nitrogen in a split treatment, 
approximately half pre plant and half sidedress, in amounts similar to treatment three, 
approximately 200 kg/ha total nitrogen. 2) Apply 179.2 kg/ha pre plant and if there is 
excessive early season rainfall, when some nitrogen may be lost, apply an additional 56 
kg/ha sidedress nitrogen, and 3) Apply 268.8 kg/ha nitrogen fertilizer pre plant with zero 
sidedress nitrogen. 
PSNT 
Sidedress nitrogen fertilization is practiced by many tobacco producers to 
supplement nitrogen that may be lost from the soil in the early season. Table 4.16 shows 
average PSNT levels by pre plant nitrogen from all locations and identifies the cases in 
which there was a response to sidedress nitrogen fertilizer based on Duncan’s multiple 
range test. We can see from this data is that there is an increase in soil N-nitrate  
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Table 4.16 PSNT and Yield Response 
 Pre-Plant N (kg/ha) 
Location 89.6 179.2 268.8 
 ----------nitrate-N ppm---------- 
GR 2004 29.17 * 35.08 * NA 
GL 2004 20.94 ** 29.01 * 45.95 
GR 2005  59.54 93.05 * 99.1 
GL 2005 81.04 * 97.41 115.37 
HR 2005  42.75 * 59.85 97.36 
LE 2005 75.03** 82.79 95.94 
GR 2006 ROT 31.73 ** 62.29 80.15 
GR 2006 TAT 33.79** 58.3 78.32 
HR 2006 ROT  65.41 * 76.66 97.41 
HR 2006 TAT 82.24 ** 67.12 * 81.75 
LE 2006 29.31 * 49.4 97.88 
GL 2006 85.94 94.67 * 133.08 * 
ALL 53.07 ** 67.13 * 92.94 
* response to 56 kg/ha sidedress nitrogen 














concentration with an increase in pre plant nitrogen fertilizer. This is supported in works 
by Sifola and Postiglione (2003);MacKown et al. (1999); Magdoff (1991); Meisinger et 
al. (1992); Evanylo and Alley (1997); Klausner et al. (1993); Heckman et al. (2002); 
Krusekopt et al. (2002) and Heckman et al. (1999). Other things that can be seen from 
this data is that there was a yield response to 56 kg/ha sidedress nitrogen with the 89.6 
kg/ha pre plant treatment in all cases except two, GR 2005 and GL 2006. When the 
sidedress nitrogen treatment was increased to 112 kg/ha, five of the twelve experiments 
had a yield response. This treatment is close to a split nitrogen treatment of 200 kg/ha and 
as the combined analysis shows would be a good approach to nitrogen fertilization in 
burley tobacco. When pre plant nitrogen fertilizer was increased to the 179.2 kg/ha 
treatment, fewer sites showed a yield response, only five of the twelve reported, and only 
at 56 kg/ha sidedress nitrogen. It should also be noticed that two of the five sites where 
there were a yield response was in 2004 where there was increased rain fall (Table A-1 to 
A-4 appendix I) in the early season and some pre plant nitrogen may have been lost. This 
is indicated in the PSNT soil N-nitrate numbers which are lower for 2004 than the other 
years. When a wet year, 2004, is compared to a dryer or average year, 2005 and 2006 
respectively, we see that the PSNT showed much lower soil nitrate-N content and an  
increased response to sidedress nitrogen fertilizer. When we examine the 268.8 pre plant 
nitrogen fertilizer treatment we see that there are higher soil nitrate-N than the other 
treatments and that there is only yield response to sidedress nitrogen fertilizer for one 
study, GL 2006 which, is again unusual because there were higher soil nitrate-N 
concentrations in that study than any other at 268.8 kg/ha pre plant nitrogen. In three sites 
in which there was response to sidedressing at high PSNT levels, there was high 
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variability in the yield data, as indicated by a very low F value for nitrogen treatment in 
the ANOVA. These three are 179.2 kg/ha pre plant at GR in 2005 and 179.2 and 268.8 
kg/ha at GL 2006.             
We can see, from the averages in Table 4.16, differences in the soil N-nitrate 
content with increased nitrogen fertilizer and an increased yield response to nitrogen 
fertilizer. Figures 4.1 and 4.2 are scatter plots of the PSNT average values for the 
treatments before sidedress nitrogen was applied and relative yield per study. What can 
be seen is a rather flat line, not a plateau effect that was seen by Sifola and Postiglione 
(2003);MacKown et al. (1999); Magdoff (1991); Meisinger et al. (1992); Evanylo and 
Alley (1997); Klausner et al. (1993); Heckman et al. (2002); Krusekopt et al. (2002) and 
Heckman et al. (1999) who have used the PSNT as an indicator of nitrogen needs in 
various crops. We applied a linear response and plateau model to the PSNT / relative 
yield values using different PSNT values as critical levels for the plateau. There was not 
any clear critical level until we reached an excessively high PSNT values as was reflected 
by the, significant, r-square values (Table 4.17). We also applied the values to a quadratic 
model (Appendix I, pg 90) which showed similar results. The quadratic model was not 
statistically different from a linear model by F test. The PSNT appeared to be useful as an 
indicator of the need for sidedress nitrogen when the soil nitrate-N levels were low; a 
response was observed every time when the soil nitrate-N was below 40 ppm (Table 
4.18). When the soil nitrate-N levels rose responses were less frequent, but even with 
PSNT values above 80 ppm there were five responses and eleven non responses. 
However, if the three cases in which there was high variability in the results and a non-
significant effect of treatment overall are called non responsive, this becomes two 
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responses and fourteen non responses. Clearly the probability of response decreases as 
PSNT values increase, but for a high value crop like tobacco, it is probably not reliable 
enough. Initial nitrogen fertilizer was actually a more reliable predictor. The PSNT has 
been shown to be a reliable test for predicting nitrogen needs in various crops and by 
MacKown et al. (1999) in burley tobacco, but from this study it does not appear to be a 
reliable enough indicator of nitrogen needs in burley tobacco to be used as a stand alone 
guide for decisions about sidedressing. 
 
Table 4.17 R² values from relative yield / PSNT linear response and plateau model with 
varying critical levels 
























Table 4.18 Yield response to sidedress nitrogen 
PSNT Range Response No Response 
0-40 7 0 
40-60 1 5 
60-80 3 3 
80 + 5 11 
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CHAPTER V: CONCLUSION 
Heavy nitrogen fertilization in burley tobacco has long been thought by producers 
to be a key to a successful and profitable crop. Through out this study we have been 
surprised by with the yields we have received from the lower nitrogen fertilizer rates. In 
every study except one, HR 2005, the yields from even the lowest N rates have been 
above the long term, forty-one year, Tennessee state average yield for burley tobacco of 
2197 kg/ha, and state average yields in the years of the study. This tells us that there are 
possibilities for a reduction of nitrogen fertilizer inputs from levels commonly used by 
producers. In this study, optimum yield, defined in this case as not statistically different 
from the maximum yield achieved in this study, could be reached by any one of three 
nitrogen fertilizer strategies. These were a split application of 89.6 kg/ha pre plant 
followed by 112 kg/ha side-dressed, a split application of 179.2 kg/ha pre plant with an 
additional 56 kg/ha side-dressed in a year with a wet early season, or 268.8 pre plant with 
no additional sidedress nitrogen. We have seen from our study that if producers follow 
these recommendations that top yields in burley tobacco can be achieved. This study also 
supports that nitrogen fertilizer recommendations from leading burley producing states 
are sufficient for top yields and that they could possibly be reduced with further research. 
When we look at our optimum strategies, two of them fall within the TN-VA-NC 
recommendations and the highest one is still within KY recommendations. In some 
individual studies the recommended rates were higher than needed, but overall they were 
pretty close. To reduce rates, we need a better predictor of response and unfortunately it 
appears PSNT was not adequate for this. 
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With TSNA content of cured leaf  being of great concern to the tobacco industry 
most research with tobacco today looks at TSNA content, as does this study. The data 
from this study shows that there is a significant increase in TSNA content in the leaf 
lamina and midrib with an increase nitrogen fertilizer. The TSNA content was three to 
four times higher with the highest N rate compared to the lowest in the combined 
analysis. There is no set TSNA threshold, but leading tobacco companies have alluded to 
a desired level of under two to three ppm in the leaf lamina. From the combined leaf 
lamina analysis, we see that all treatments except the two highest are below three ppm, 
indicating that a nitrogen fertilizer rate of below about 300 kg/ha will produce leaf lamina 
TSNA concentrations below the proposed acceptable threshold. Only the two highest N 
rates resulted in TSNA contents in the leaf lamina that were significantly higher than the 
lowest N rate. The three optimal N rates for yield did not result in significantly higher 
TSNA content in the lamina compared to the lowest N rate, but numerically they were 
twice as high. In the midrib, the two optimal strategies with the highest total N rates did 
significantly increase TSNA content. Although not a planned treatment in this study and 
therefore not proven, we saw that there seemed to be an effect on TSNA content from the 
location of the curing barn on the landscape. At GR, where the curing barn was on top of 
a hill with nothing around it to restrict the air flow to, around or in the barn, there were 
much lower TSNA content in the leaf lamina and midrib than at GL where the curing 
barn was shielded by hills restricting air flow to, around and in the barn. When these two 
curing barn locations are compared there are three to four times higher TSNA content at 
GL than at GR where there is an unobstructed air flow. We believe the higher TSNA 
content at GL is due to higher humidity curing conditions in the curing barn because of 
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restricted air flow. With high TSNA content in both a damp and dry curing seasons, 2004 
and 2005 respectively; one must conclude that a key factor at GL is the microclimate at 
this curing barn caused by the surrounding hills and the low position of the curing barn 
on the landscape that shield it from air flow. 
 The grade index data shows that there was little difference in quality due to 
nitrogen fertilizer rate. We did see that in several individual studies that there was some 
negative effect on quality with lower nitrogen rates. The combined analysis also showed 
there was significantly lower quality with the lowest nitrogen rates, but from this study 
we can see that there was little effect on quality with increased nitrogen fertilization.    
 A sidedress nitrogen fertilizer application is practiced by many tobacco producers 
to supplement nitrogen that may be lost from the soil in the early season. The PSNT tests 
for soil nitrate-N and has shown to be a reliable indicator of nitrogen needs in corn, as 
well as various other crops and even tobacco. What we found from this study is that soil 
nitrate-N does increase with increased nitrogen fertilizer and in wet years, like 2004, the 
soil nitrate-N is lower than in dry years such as 2005. The PSNT was useful as an 
indicator of the need for sidedress nitrogen when the soil nitrate-N levels were low; a 
response was observed every time when the soil nitrate-N was below 40 ppm (Table 
4.17). When the soil nitrate-N levels rose the response was less frequent, but there was no 
level which clearly indicated no need for further fertilization. Clearly the possibility of 
response decreases as PSNT values increase, but for a high value crop like tobacco, it is 
probably not reliable enough. Initial nitrogen fertilizer was actually a more reliable 
predictor. What the scatter plots of relative yield and PSNT values, the linear plateau 
models and the quadratic model showed was a rather flat curve with a very high breaking 
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point if any breaking point at all. At this time and from this study we can not recommend 
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APPENDIX I: ADDITIONAL TABLES 
Table A-1. Weather Data, Greeneville 




















May 82 2 54 1 6.04 2.8 
June 82 -5 60 -1 4.31 0.73 
July 86 -3 60 -4 7.96 2.88 
August 84 -4 56 -3 2.25 -1.42 
September 81 -2 51 -6 5.38 2.4 
October 74 1 44 -1 2.19 -0.223 
       
2005       
May 75 -5 42 -9 3.6 0.36 
June 78 -9 55 -6 2 -1.58 
July 89 0 64 0 6.22 1.14 
August 90 2 63 4 6.57 2.9 
September 86 3 53 -4 0.76 -2.22 
October 74 1 39 -6 1.42 -0.99 
       
2006       
May 75 -5 49 -4 4.58 1.34 
June 85 -2 58 -3 4 0.42 
July 88 -1 64 0 5.35 0.27 
August 89 1 66 7 7.11 3.44 
September 78 -5 55 -2 7.89 4.91 
October 68 -5 41 -4 3.45 1.04 










Table A-2. Weather Data, Glade Spring 




















May 80 5 57 2 3.92 0.02 
June 81 -2 62 0 72 1.58 
July 85 -1 64 -1 5.02 0.07 
August 82 -2 61 -1 2.64 -0.53 
September 79 1 57 2 5.72 2.46 
October 71 3 51 5 3.33 0.74 
       
2005       
May 74 -2 49 -6 1.8 -2.1 
June 83 0 61 -1 3.78 0.24 
July 85 -1 67 2 6.74 2.42 
August 88 4 66 4 3.19 0.02 
September 85 7 57 1 0.76 -2.5 
October 70 2 46 1 1.45 -1.14 
       
2006       
May 73 -2 50 -4 2.29 -1.61 
June 82 -1 59 -3 3.95 0.41 
July 87 1 64 -1 2.01 -2.31 
August 88 4 66 3 5.07 1.9 
September 75 -3 56 0 4.84 1.58 
October 65 -2 43 -3 3.14 0.55 











Table A-3. Weather Data, Highland Rim 




















May 78 -1 54 0 0.36 -5.02 
June 86 1 67 5 4.62 -0.16 
July 90 3 72 8 4.24 0.06 
August 91 6 71 9 8.00* 4.27 
September 86 7 64 8 0.87 -2.81 
October 72 3 50 4 0.13 -3.05 
  * 6.24 inches precip from 8-27 to 8-31  
2006       
May 76 -2 57 2 5.21 -0.17 
June 87 2 65 3 2.7 -2.08 
July 91 3 71 6 5.36 1.06 
August 92 6 73 11 4.68 0.95 
September 81 2 62 6 5.23 1.55 
October 70 1 50 3 3.16 -0.02 















Table A-4. Weather Data, Lexington  




















May 72 -4 50 -5 1.78 -2.69 
June 85 2 64 2 1.33 -2.33 
July 86 0 68 3 3.3 -1.7 
August 88 4 68 5 3.34 -0.59 
September 83 5 60 5 0.99 -2.21 
October 68 0 47 2 0.92 -1.65 
       
2006       
May 72 -4 53 -2 2.99 -1.48 
June 79 -3 61 -1 1.82 -1.84 
July 86 0 67 2 5.13 0.13 
August 85 1 68 5 3.23 -0.7 
September 73 -5 55 0 9.27 6.07 
October 63 -5 45 0 4.88 2.31 














Outline of GR 2006 ROT yield ANOVA 
The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source    DF         Squares     Mean Square    F Value    Pr > F 
 
      Model     11     3085918.297      280538.027       2.49    0.0302 
  
      Error      24     2709382.619      112890.942 
 
Corrected Total 35     5795300.916 
 
 
            R-Square     Coeff Var      Root MSE    yield Mean 
 
            0.532486      12.81641      335.9925      2621.581 
 
 
      Source    DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep           3      638579.843      212859.948       1.89    0.1590 
      trt            8     2447338.454      305917.307       2.71    0.0280 
 
Outline of GR 2006 TAT yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source    DF         Squares     Mean Square    F Value    Pr > F 
 
      Model     11     1218151.760      110741.069       2.34    0.0399 
 
      Error     24     1138087.690       47420.320 
 
Corrected Total 35     2356239.450 
 
 
                   R-Square     Coeff Var      Root MSE    yield Mean 
 
                   0.516990      7.850543      217.7621      2773.847 
 
 
      Source    DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep       3      194511.588       64837.196       1.37    0.2766 
      trt       8     1023640.172      127955.022       2.70    0.0285 
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Outline of GR 2005 yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      268540.972       24412.816       0.63    0.7897 
 
      Error                         24      937058.667       39044.111 
 
      Corrected Total        35     1205599.639 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.222745      6.502655      197.5958      3038.694 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3      33076.0833      11025.3611       0.28    0.8376 
      trt                              8     235464.8889      29433.1111       0.75    0.6451 
 
Outline of GR 2004 yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      845416.528       76856.048       1.98    0.0788 
 
      Error                         24      932682.444       38861.769 
 
      Corrected Total        35     1778098.972 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.475461      8.404671      197.1339      2345.528 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3      92272.3056      30757.4352       0.79    0.5106 
      trt                              8     753144.2222      94143.0278       2.42    0.0447 
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Outline of GR 2006 ROT grade index ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: GRindex 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     4833.597553      439.417959       2.81    0.0167 
 
      Error                         24     3757.428744      156.559531 
 
      Corrected Total         35     8591.026297 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.562633      27.82366      12.51238        44.97028 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     1712.801431      570.933810       3.65    0.0268 
      trt                             8     3120.796122      390.099515       2.49    0.0399 
                                         
Outline of GR 2006 TAT grade index ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: GRindex 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     2843.409819      258.491802       2.81    0.0166 
 
      Error                         24     2206.882878       91.953453 
 
      Corrected Total        35     5050.292697 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.563019      14.42310      9.589236        66.48528 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3      626.144697      208.714899       2.27    0.1062 
      trt                              8     2217.265122      277.158140       3.01    0.0172 
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Outline of GR 2005 grade index ANOVA                         
                                      The ANOVA Procedure 
 
Dependent Variable: GRindex 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     1545.738772      140.521707       1.98    0.0779 
 
      Error                         24     1700.250917       70.843788 
 
      Corrected Total        35     3245.989689 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.476200      13.30427      8.416875        63.26444 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3      351.377533      117.125844       1.65    0.2036 
      trt                              8     1194.361239      149.295155       2.11    0.0756 
 
Outline of GR 2004 grade index ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: GRindex 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     105.2563889       9.5687626       0.63    0.7856 
 
      Error                         24     364.3311111      15.1804630 
 
      Corrected Total         35     469.5875000 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.224146      5.931059      3.896211        65.69167 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     22.97638889      7.65879630       0.50    0.6828 
      trt                              8     82.28000000     10.28500000       0.68    0.7065 
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Outline of GR 2005 TSNA lamina ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      4.93926447      0.44902404      41.17    <.0001 
 
      Error                         24      0.26173717      0.01090572 
 
      Corrected Total         35      5.20100164 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.949676      7.260657      0.104430      1.438306 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3      1.64800408      0.54933469      50.37    <.0001 
      trt                              8      3.29126039      0.41140755      37.72    <.0001 
 
Outline of GR 2005 TSNA midrib ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     46.72327964      4.24757088       2.20    0.0515 
 
      Error                         24     46.31442067      1.92976753 
 
      Corrected Total         35     93.03770031 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.502197      33.44845      1.389161      4.153139 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     10.53433008      3.51144336       1.82    0.1705 
      trt                              8     36.18894956      4.52361869       2.34    0.0509 
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Outline of GR 2004 TSNA lamina ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      4.78274453      0.43479496       2.61    0.0241 
 
      Error                         24      4.00218778      0.16675782 
 
      Corrected Total         35      8.78493231 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.544426      49.65701      0.408360      0.822361 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3      0.50416697      0.16805566       1.01    0.4065 
      trt                             8      4.27857756      0.53482219       3.21    0.0127 
 
Outline of GR ROT PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     27269.61944      5453.92389      34.97    <.0001 
 
      Error                         30      4678.68611       155.95620 
 
      Corrected Total         35     31948.30556 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.853554      21.50879      12.48824      58.06111 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     14392.04056      7196.02028      46.14    <.0001 
      rep                             3     12877.57889      4292.52630      27.52    <.0001 
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Outline of GR 2006 TAT PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     16154.92805      3230.98561      11.81    <.0001 
 
      Error                         28      7659.85430       273.56623 
 
      Corrected Total         33     23814.78235 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.678357      28.79439      16.53984      57.44118 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     11394.58167      5697.29084      20.83    <.0001 
      rep                             3      4760.34638      1586.78213       5.80    0.0032 
 
Outline of GR 2005 PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     14714.95806      2942.99161       6.59    0.0003 
 
      Error                         30     13395.41167       446.51372 
 
      Corrected Total         35     28110.36972 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.523471      25.18662      21.13087      83.89722 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                             2     10897.09056      5448.54528      12.20    0.0001 
      rep                           3      3817.86750      1272.62250       2.85    0.0540 
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Outline of GR 2004 PSNT ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        4      791.986491      197.996623       6.15    0.0027 
 
      Error                         18      579.193509       32.177417 
 
      Corrected Total        22     1371.180000 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.577595      17.72661      5.672514      32.00000 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      trt                              1     200.2411364     200.2411364       6.22    0.0226 
      rep                            3     591.7453549     197.2484516       6.13    0.0046 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      trt                              1     221.8444912     221.8444912       6.89    0.0171 












Outline of GL 2006 yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     1286384.098      116944.009       3.62    0.0041 
 
      Error                         24      775764.310       32323.513 
 
      Corrected Total         35     2062148.409 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.623808      6.477457      179.7874      2775.586 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     949115.5552     316371.8517       9.79    0.0002 
      trt                             8     337268.5432      42158.5679       1.30    0.2881 
 
Outline of GL 2005 Yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      638011.444       58001.040       3.49    0.0050 
 
      Error                         24      398374.778       16598.949 
 
      Corrected Total         35     1036386.222 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.615612      4.633125      128.8369      2780.778 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     328878.2222     109626.0741       6.60    0.0021 
      trt                              8     309133.2222      38641.6528       2.33    0.0523 
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Outline of GL 2004 yield ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     580146.1395      52740.5581       3.46    0.0063 
 
      Error                         22     335094.5611      15231.5710 
 
      Corrected Total         33     915240.7006 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.633873      5.572592      123.4163      2214.701 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      rep                            3     221390.7522      73796.9174       4.84    0.0098 
      trt                             8     358755.3873      44844.4234       2.94    0.0213 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      rep                            3     222662.4810      74220.8270       4.87    0.0095 












Outline of GL 2005 TSNA lamina ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     176.8012604      16.0728419       7.47    <.0001 
 
      Error                         24      51.6251318       2.1510472 
 
      Corrected Total        35     228.4263922 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.773997      32.17189      1.466645      4.558778 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     107.0577342      35.6859114      16.59    <.0001 
      trt                             8      69.7435262       8.7179408       4.05    0.0036 
 
Outline of GL 2005 TSNA midrib ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     4670.688875      424.608080      12.01    <.0001 
 
      Error                         24      848.675060       35.361461 
 
      Corrected Total         35     5519.363935 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.846237      34.10404      5.946550      17.43650 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     2809.949658      936.649886      26.49    <.0001 
      trt                              8     1860.739217      232.592402       6.58    0.0001 
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Outline of GL 2004 TSNA lamina ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      379.727349       34.520668       1.13    0.3836 
 
      Error                         24      734.556696       30.606529 
 
      Corrected Total         35     1114.284045 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.340781      213.7474      5.532317      2.588250 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     123.9861559      41.3287186       1.35    0.2817 
      trt                             8     255.7411930      31.9676491       1.04    0.4319 
 
Outline of GL 2004 TSNA midrib ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      5245.08754       476.82614       1.35    0.2576 
 
      Error                         24      8465.94230       352.74760 
 
      Corrected Total         35     13711.02984 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.382545      181.4241      18.78158      10.35231 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     1723.285402      574.428467       1.63    0.2091 
      trt                             8     3521.802141      440.225268       1.25    0.3153 
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Outline of GL 2006 PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     30435.80694      6087.16139       7.07    0.0002 
 
      Error                         30     25828.71611       860.95720 
 
      Corrected Total         35     56264.52306 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.540941      28.06138      29.34207      104.5639 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                             2     15097.21056      7548.60528       8.77    0.0010 
      rep                           3     15338.59639      5112.86546       5.94    0.0026 
 
Outline of GL 2005 PSNT ANOVA 
 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     10645.70056      2129.14011      16.39    <.0001 
 
      Error                        30      3896.60833       129.88694 
 
      Corrected Total         35     14542.30889 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.732050      11.63598      11.39680      97.94444 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                             2     7077.680556     3538.840278      27.25    <.0001 
      rep                           3     3568.020000     1189.340000       9.16    0.0002 
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Outline of GL 2004 PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     4184.027222      836.805444      14.68    <.0001 
 
      Error                         30     1710.165000       57.005500 
 
      Corrected Total         35     5894.192222 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.709856      23.61487      7.550199      31.97222 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                             2     3912.237222     1956.118611      34.31    <.0001 
      rep                           3      271.790000       90.596667       1.59    0.2126 
 
Outline of HR 2006 ROT yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      605807.500       55073.409       1.29    0.2860 
 
      Error                         24     1021128.056       42547.002 
 
      Corrected Total         35     1626935.556 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.372361      8.086171      206.2692      2550.889 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     168070.4444      56023.4815       1.32    0.2920 
      trt                             8     437737.0556      54717.1319       1.29    0.2967 
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Outline of HR 2006 TAT yield ANOVA 
    The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     1199898.194      109081.654       1.94    0.0839 
 
      Error                         24     1346014.111       56083.921 
 
      Corrected Total         35     2545912.306 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.471304      9.295683      236.8204      2547.639 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     207789.6389      69263.2130       1.23    0.3188 
      trt                             8     992108.5556     124013.5694       2.21    0.0635 
 
Outline of HR 2005 yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      633156.972       57559.725       1.29    0.2890 
 
      Error                         24     1072143.778       44672.657 
 
      Corrected Total         35     1705300.750 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.371288      10.66886      211.3591      1981.083 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     127064.9722      42354.9907       0.95    0.4330 
      trt                             8     506092.0000      63261.5000       1.42    0.2403 
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Outline of HR 2006 ROT grade index ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: GR index 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     122.1222222      11.1020202       0.70    0.7260 
 
      Error                         24     380.3833333      15.8493056 
 
      Corrected Total        35     502.5055556 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.243027      5.093478      3.981119        78.16111 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     63.09666667     21.03222222       1.33    0.2888 
      trt                             8     59.02555556      7.37819444       0.47    0.8681 
 
Outline of HR 2006 TAT grade index ANOVA 
                                      The ANOVA Procedure 
  
Dependent Variable: GR index 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     102.1988889       9.2908081       1.22    0.3268 
 
      Error                         24     182.7933333       7.6163889 
 
      Corrected Total         35     284.9922222 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.358602      4.314030      2.759781        63.97222 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     46.87666667     15.62555556       2.05    0.1334 
      trt                              8     55.32222222      6.91527778       0.91    0.5262 
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Outline of HR 2005 grade index ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: GR index 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      77.2500000       7.0227273       0.94    0.5222 
 
      Error                         24     179.5000000       7.4791667 
 
      Corrected Total         35     256.7500000 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.300876      4.833237      2.734807        56.58333 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3     16.75000000      5.58333333       0.75    0.5350 
      trt                             8     60.50000000      7.56250000       1.01    0.4538 
 
Outline of HR 2005 TSNA lamina ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      52.5958352       4.7814396       2.15    0.0571 
 
      Error                         24      53.4569358       2.2273723 
 
      Corrected Total         35     106.0527710 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.495940      57.44628      1.492438      2.597972 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3      6.06667097      2.02222366       0.91    0.4519 
      trt                             8     46.52916422      5.81614553       2.61    0.0328 
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Outline of HR 2005 TSNA midrib ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      944.902651       85.900241       1.31    0.2774 
 
      Error                         24     1572.417833       65.517410 
 
      Corrected Total        35     2517.320484 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.375360      117.1896      8.094283      6.907000 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3      82.5912216      27.5304072       0.42    0.7402 
      trt                             8     862.3114295     107.7889287       1.65    0.1643 
 
Outline of HR 2006 ROT PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     11969.50000      2393.90000       4.19    0.0053 
 
      Error                         30     17151.50000       571.71667 
 
      Corrected Total         35     29121.00000 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.411026      29.95064      23.91060      79.83333 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     6324.500000     3162.250000       5.53    0.0090 
      rep                             3     5645.000000     1881.666667       3.29    0.0340 
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Outline of HR 2006 TAT PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5      3946.48056       789.29611       0.99    0.4392 
 
      Error                         30     23869.46500       795.64883 
 
      Corrected Total         35     27815.94556 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.141878      36.61430      28.20725      77.03889 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     1770.583889      885.291944       1.11    0.3419 
      rep                             3     2175.896667      725.298889       0.91    0.4471 
 
Outline of HR 2005 PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     18924.73333      3784.94667      13.59    <.0001 
 
      Error                         30      8353.05556       278.43519 
 
      Corrected Total         35     27277.78889 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.693778      25.03374      16.68638      66.65556 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     18731.56222      9365.78111      33.64    <.0001 
      rep                             3       193.17111        64.39037       0.23    0.8739 
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Outline of LE 2006 yield ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      427700.304       38881.846       1.38    0.2426 
 
      Error                         24      674076.502       28086.521 
 
      Corrected Total         35     1101776.806 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.388191      7.522965      167.5903      2227.717 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3      71032.0257      23677.3419       0.84    0.4838 
      trt                              8     356668.2786      44583.5348       1.59    0.1810 
 
Outline of LE 2005 yield ANOVA   
                                      The ANOVA Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     1163139.528      105739.957       3.06    0.0105 
 
      Error                         24      828018.778       34500.782 
 
      Corrected Total         35     1991158.306 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.584152      5.678745      185.7439      3270.861 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     725590.9722     241863.6574       7.01    0.0015 
      trt                               8     437548.5556      54693.5694       1.59    0.1816 
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Outline of LE 2005 TSNA lamina ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     11.86005619      1.07818693       0.55    0.8458 
 
      Error                         24     46.67763078      1.94490128 
 
      Corrected Total         35     58.53768697 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.202605      33.71465      1.394597      4.136472 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                            3      3.00270297      1.00090099       0.51    0.6761 
      trt                              8      8.85735322      1.10716915       0.57    0.7925 
 
Outline of LE 2005 TSNA midrib ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11      437.464372       39.769488       0.95    0.5142 
 
      Error                         24     1005.853031       41.910543 
 
      Corrected Total         35     1443.317403 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.303096      46.97568      6.473835      13.78125 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      rep                             3     114.2019919      38.0673306       0.91    0.4517 
      trt                               8     323.2623800      40.4077975       0.96    0.4859 
 
 81
Outline of LE 2006 PSNT ANOVA 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5     32165.02020      6433.00404       9.99    <.0001 
 
      Error                         30     19317.35636       643.91188 
 
      Corrected Total         35     51482.37656 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.624777      43.10924      25.37542      58.86306 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     29815.81851     14907.90925      23.15    <.0001 
      rep                             3      2349.20170       783.06723       1.22    0.3209 
 
Outline of LE 2005 PSNT ANOVA 
 
                                      The ANOVA Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        5      4440.40933       888.08187       1.14    0.3596 
 
      Error                         30     23306.34279       776.87809 
 
      Corrected Total         35     27746.75212 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.160033      32.95123      27.87253      84.58722 
 
 
      Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
      trt                              2     2682.966339     1341.483169       1.73    0.1951 
      rep                             3     1757.442989      585.814330       0.75    0.5287 
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Outline of combined analysis yield ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: yield 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                      119     62332092.62       523799.10      11.09    <.0001 
 
      Error                        310     14646556.35        47246.96 
 
      Corrected Total        429     76978648.97 
 
 
                      R-Square     Coeff Var      Root MSE    yield Mean 
 
                      0.809732      8.373522      217.3636      2595.845 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      trt                              8      4123157.69       515394.71      10.91    <.0001 
      exp                            9     52357938.33      5817548.70     123.13    <.0001 
      rep(exp)                    30      2849783.88        94992.80       2.01    0.0018 
      trt*exp                      72      3001212.72        41683.51       0.88    0.7352 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      trt                              8      3074020.19       384252.52       8.13    <.0001 
      exp                            9     52153246.22      5794805.14     122.65    <.0001 
      rep(exp)                    30      2850548.19        95018.27       2.01    0.0018 










Outline of combined analysis grade index ANOVA 
 
                                       The GLM Procedure 
 
Dependent Variable: GRindex 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       71     20256.45603       285.30220       2.33    <.0001 
 
      Error                        214     26168.90678       122.28461 
 
      Corrected Total        285     46425.36281 
 
 
                     R-Square     Coeff Var      Root MSE    GRindex Mean 
 
                     0.436323      17.93878      11.05824        61.64430 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      trt                              8      1531.42428       191.42804       1.57    0.1367 
      exp                            5     12683.59686      2536.71937      20.74    <.0001 
      rep(exp)                    18      1004.30311        55.79462       0.46    0.9728 
      trt*exp                      40      5037.13178       125.92829       1.03    0.4300 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      trt                              8       833.97855       104.24732       0.85    0.5576 
      exp                            5     12841.95396      2568.39079      21.00    <.0001 
      rep(exp)                    18      1043.13144        57.95175       0.47    0.9668 










Outline of combined analysis TSNA lamina ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       71     1014.403426       14.287372       2.31    <.0001 
 
      Error                         144      890.580319        6.184586 
 
      Corrected Total         215     1904.983746 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.532500      92.43692      2.486883      2.690356 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      trt                              8     159.9189108      19.9898638       3.23    0.0021 
      exp                            5     383.6969167      76.7393833      12.41    <.0001 
      rep(exp)                    18     242.2654351      13.4591908       2.18    0.0061 
      trt*exp                      40     228.5221639       5.7130541       0.92    0.6036 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      trt                              8     159.9189108      19.9898638       3.23    0.0021 
      exp                            5     383.6969167      76.7393833      12.41    <.0001 
      rep(exp)                    18     242.2654351      13.4591908       2.18    0.0061 










Outline of combined analysis TSNA midrib ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: TSNA 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       59     15380.19140       260.68121       2.62    <.0001 
 
      Error                        120     11939.20264        99.49336 
 
      Corrected Total        179     27319.39405 
 
 
                      R-Square     Coeff Var      Root MSE     TSNA Mean 
 
                      0.562977      94.76153      9.974636      10.52604 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      trt                              8     3363.834977      420.479372       4.23    0.0002 
      exp                            4     4035.324683     1008.831171      10.14    <.0001 
      rep(exp)                    15     4740.562604      316.037507       3.18    0.0002 
      trt*exp                      32     3240.469141      101.264661       1.02    0.4534 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      trt                              8     3363.834977      420.479372       4.23    0.0002 
      exp                            4     4035.324683     1008.831171      10.14    <.0001 
      rep(exp)                    15     4740.562604      316.037507       3.18    0.0002 










Outline of combined analysis PSNT ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: PSNT 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                       11     24039.40744      2185.40068      21.51    <.0001 
 
      Error                         23      2337.24972       101.61955 
 
      Corrected Total         34     26376.65717 
 
 
                      R-Square     Coeff Var      Root MSE     PSNT Mean 
 
                      0.911389      14.31373      10.08065      70.42646 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      trt                              2      9318.08116      4659.04058      45.85    <.0001 
      exp                            9     14721.32628      1635.70292      16.10    <.0001 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      trt                              2      7914.78849      3957.39424      38.94    <.0001 












Outline of Relative Yield and PSNT quadratic model ANOVA 
                                       The GLM Procedure 
 
Dependent Variable: RelY 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Model                        2      0.06393205      0.03196603      12.40    0.0001 
 
      Error                         29      0.07476941      0.00257826 
 
      Corrected Total         31      0.13870147 
 
 
                      R-Square     Coeff Var      Root MSE     RelY Mean 
 
                      0.460933      5.646738      0.050777      0.899219 
 
 
      Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
      PSNT                         1      0.05749110      0.05749110      22.30    <.0001 
      PSNT2                       1      0.00644096      0.00644096       2.50    0.1248 
 
 
      Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
      PSNT                         1      0.01661923      0.01661923       6.45    0.0167 
      PSNT2                       1      0.00644096      0.00644096       2.50    0.1248 
 
 
                                                 Standard 
               Parameter         Estimate           Error    t Value    Pr > |t| 
 
               Intercept     0.7283323244      0.04871084      14.95      <.0001 
               PSNT          0.0037929962      0.00149396       2.54      0.0167 









APPENDIX II: ADDITIONAL FIGURES 
 
 
Figure A-1.  HR ROT 2006, 















































Figure A-2.HR TAT 2006, 






























Figure A-3. GR ROT 2006, 


























Figure A-4. GR TAT 2006, 



























Figure A-5. LE 2006, 


























Figure A-6. GL 2006, 

























Figure A-7. HR 2005, 



























Figure A-8. GR 2005, 




























Figure A-9. LE 2005, 





























Figure A-10. GL 2005, 


























Figure A-11. GR 2004, 


























Table A-12. GL 2004, 
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